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Geological, biological, and anthropogenic sources of reduced inorganic 

compounds supporting chemolithotrophs 
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Fig. 4-21 Hydrogenase and Chemolithotrophic Metabolism. Hydrogenase splits hydro- 
gen into protons and electrons that are transported via a membrane-bound electron transport sys- 
tem, This transport establishes a proton gradient. 
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Fig. 4«24 Chemoiithotrophic Nitrogen Metabolism— Nitrifying Bacteria. Nitrifying 
bacteria are chemolithotrophs that oxidize inorganic nitrogen compounds to generate ATP. Some, 
such as Nitrosomonus, oxidize ammonium ions (NHV) to nitrite ions (N0 2 - ) f/eft); others, such as 
Mtrobocter, oxidize nitrite ions to nitrate ions {NG 3 ) (right). 
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Anoxygenic photosynthesis found in: 

♦ Purple sulfur bacteria (e.g. Chromatium ) 

♦ Purple nonsulfur bacteria (e.g. Rhodobacter) 

♦ Green sulfur bacteria (e.g. Chlorobium) 

♦ Green nonsulfur bacteria (e.g. Chloroflexus ) 
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Halobacterium halobium 



♦ Resides in hypertonic environments (shallow waters 
of San Francisco bay) 

♦ Diatomic oxygen is plentiful = OXPHOS 

♦ Diatomic oxygen unavailable = LIGHT HARVESTING 

- Achieved by Bacteriorhodopsin, a 26 KD protein with all- 
trans-retinal attached 

♦ LIGHT IS CONVERTED DIRECTLY INTO A H + MOTIVE 
FORCE 




» ATP 





Bacteriorhodopsin 



Several transmem spanning helices 
3 Tyr hold the BR in place 



Retinal sits at the junction separating 
"half" channels 



the two 




Cytosolic side 







OOTOtpooma | 




cdotoo p ra h otpocJd bi 


OOTO/1 MTOTpOCh bl 


Mctohhmk C 


Opr.coeA-fl 


co 2 1 


AOHOP 3/ieKTpOHOB fl/lfl 

bocct.ko4>-tob 


Opr.coeA-fl 


h 2 s 

s 


h 2 o 


AKqenTop 3/ieKTpoHOB 


BaKTepno- 

poAoncuH 


NAD+ 


NADP+ 


06mch 


AHa3po6Hbm 


A3po6HblM 


/10Ka/lM3aMM5l 


MeM6paHHbie CMCTeMbi 3TI4 (xjiopo<£i/m/i-coAep>KaLUMe OC, UMTOxpoMbi, 

Fe-S-LieHTpbl, XMHOHbl) 


ACCMMHSlflUMSl 3HeprMM 


b BMAe TpaHCMeM6paHHoro sjieKTpoxHMi/mecKoro noTei-mi/ia/ia 


CnHTe3 ATO 


OOTOTpaHCAyKLlMJI > 


^^HOKOireHHblM Cf)OTOCMHTe¥7r^S 
^ UMK/i.cxeMe 


OKCMreHHblM OC 
no Z-cxeMe 


-> OKMC/lMTe/lbHOe Cf)OTOC|DOCCf)OpM^MpOBaHMe 1 


Anoxygenic photosynthesis found in: 

♦ Purple sulfur bacteria (e.g. Chromatium ) 

♦ Purple nonsulfur bacteria (e.g. Rhodobacter) 

♦ Green sulfur bacteria (e.g. Chlorobium) 

♦ Green nonsulfur bacteria (e.g. Chloroflexus ) 




Cyclic Photophosphorylation 




Cytochromes 



Meml 

A 



Photosystem I 



ATP 



Light Cytoplasm of 

> prokaryote ADP * © 
or stroma of 

Fe chloroplast H+ 

\ / Reaction center 



ATP synthase 



Exterior of prokaryote 
or thylakoid space h + 
of chloroplast 



(a) Cyclic photophosphorylation 



Figure 5.28a 






Properties of microbial photosynthetic systems 
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BChlc/: blue Source: Frigaard eta/, (1996), FEMS Microbiol. Ecol. 20: 69-77 
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The distribution of 
photosynthetic pigments 
among photosynthetic 
microorganisms. 
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Antenna and RC complexes (model) 




This allows the UQ to leave 
the RC. Likely the PufX 
protein plays a role here. 



NB: atomic resolution structural models for LH1 are based on LH2 structure 





LH2 structure and pigments 



Richard J. Cogdell's webpages: 
www.gla.ac.uk/ibls/BMB/rjc/lh2galery.htm 




Side view of LH2 from Rsp. molischianum, Top view of LH2 of Rps. acidophila 
note the 8-fold symmetry. note the 9 - fold symmetry 
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Oxygenic 

photosynthesis 



♦ The light reactions 
use the solar power 
of photons absorbed 
by both 

photosystem I and 
photosystem II to 
provide chemical 
energy in the form 
of ATP and reducing 
power in the form 
of the electrons 
carried by NADPH. 
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From Kegg: The Koyoto Encyclopedia of Genes and Genomes 





Light harvesting (antenna) 




Primary 

electron 

acceptor 



Electron transfer 



Photon 



> Reaction 
center 



Reaction- 

center 

chlorophyll 









Transfer 
of energy 



Antenna 

pigment 

molecules 



Pnotosystem 



Coryngm-y person Education, Inc , publishing as Beniamin Cummings 




Absorption 





H 2 0 is the final e - donor for PSII in higher plants 

PS II 




P 680 

special-pair 

chlorophylls 

(Revolving 

complex 



Mechanism of electron and proton transfer in cytochrome b 6 f complex 
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Mechanism of electron and proton transfer in cytochrome b 6 f complex 



(A) First QH 2 oxidized 



STROMA 



Thylakoid 

membrane 

V- 



Cytochrome b^f complex 





Cyt b 

<g) S 

Cyt 





2 H+ 



LUMEN 



lastocyanin 



PLANT PHYSIOLOGY, Fourth Edition, Figure 7.28 (Part 1) © 2006 Sinauer Associates, Inc. 




(B) Second QH 2 oxidized 
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Structure of photosystem I 
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Organization and structure of the four major protein complexes 
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Metabolic pathways 



Catabolic linked with energy and structure blocks 
production: glycolysis, fatty acids oxidation, 
ketone bodies synthesis, TCA, AA deamination 

Anabolic : gluconeogenesis, fatty acids synthesis 
(soluble enzymes), polysaccharides synthesis 
(from activated forms of hexoses such as 
UDPG), pentoses for nucleic acid synthesis 
(decarboxylation of hexoses), synthesis of amino 
acids, nucleosides, non-ribosomal peptide 
synthesis, synthesis of membrane lipids and cell 
walls (peptidoglycans, lipopolysaccharides, etc), 
capsules, pigments and coenzymes. 
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06pa30BaHM5^ flMKap 60 H 0 BblX KMCJIOT 
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Poct Ha HymieoTi/iflax. rnnoKCMiiaT o6pa3yeTca KaK 

npo,qyKT pa3pyLueHi/m nypuHOBbix ocHOBaHUM; oh OKHcrmeTca flanee: 
Umkji AMKap6oHOBbix kmcjiot. 1 — ManaT-CMHTa3a; 2 — Manaiflr ; 3 — 
0EI 7 — Kap6oKCHKHHa3a; 4 — nnpyBaTKMHa3a; 5 — ni/ipyBaTflr KOMnneKC 





Microbial Bioremediation 



Microbial Leaching of Ores 
Mercury and Heavy Metal Transformations 
Petroleum Biodegradation 
Biodegradation of Xenobiotics 




Arrangement of a 
Leaching Pile and 
Reactions 



Low grade 
copper ore 
(CuS) 



Sprinkling of acidic solution on CuS 
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Copper ore can be oxidized by oxygen- 
dependent (1) and oxygen-independent (2) 
reactions, solubilizing the copper: 

1 . CuS + 20 2 - Cu 2+ + S0 4 2 - 

2. CuS + 8 Fe 3+ + 4 H 2 0 

Cu 2+ + 8 Fe 2+ + S0 4 2 -+ 8 H + 



Soluble Cu 2 *. 
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Cu 2+ 




Acidic solution 
pumped back to 
top of leach dump 



Recovery of copper metal (Cu°) 

Fe° + Cu 2+ — Cu° + Fe 2+ 
(Fe° from scrap steel) 



Precipitation 

pond 




Copper metal (Cu°) 





Acidic Fe 2+ - 
rich solution 



Fe 2+ + \0 2 + H 



- Fe 3+ + |H 2 0 
Leptospirillum ferrooxidans 
A cidithiobacillus ferrooxidans 
Oxidation pond 
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Biogeochemical Cycling of 




Hg° Hg 2+ 

Water 



Sediment 



H 9° ■ Hg 2+ 



,h 2 s 



Organic and inorganic 
Hg complexes 



CH 3 HgCH 3 



Fish 
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CH 3 HgCH 3 






Mechanism of Hg 2+ Reduction to Hg° i 




P. aeruginosa 



The mer operon 



Transport and Reduction of Hg 2+ 
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Bioremediation 




Applications, p. 33, 792 






Increasing biodegradability 



Relative biodegradability 



A 



Simple hydrocarbons and petroleum fuels 

degradability decreases as molecular weight and degree of 
branching increase 



Aromatic hydrocarbons 

one or two ring compounds degrade readily, higher 
molecular weight compounds less readily 

Alcohols, esters 



Nitrobenzenes and ethers degrade slowly 

Chlorinated hydrocarbons 

decreasing degradability within increasing chlorine 
substitution - highly chlorinated compounds like PCBs 
and chlorinated solvents do not appreciably degrade 
aerobically 

Pesticides are not readily degraded 





BIODEGRADATION 



♦ The breakdown of organic compounds by 
micro-organisms 

♦ How might microorganisms attack hazardous organic 
wastes? 

- Mineralize compound directly, compound converted 
to harmless inorganic molecules such as carbon 
dioxide and salts 

- Of prime importance are microorganisms capable of 
producing enzymes that will degrade the hazardous 
chemical (target compound) as enzymes degrade 
compounds through exploitation of the organism's 
energy need. 

- Converting compound to some other compound, 
which may also be toxic and recalcitrant to further 
degradation 



BIODEGRADATION SYSTEM IN BIOREMEDIATION 




MICROORGANISMS 

•Growth 

• Physiology 
•Genetic competence 

• Metabolic diversity 

• Enzymology 

• metabolites 




CONTAMINANTS 

• Mass transfer 

• Bioavailability 

• Hydrophobicity 
• Recalcitrance 

•Structure 

•Toxicity 



ENVIRONMENTAL 

FACTORS 

• pH 

•Temperature 

• Moisture 
•Oxygen 

• Nutrients 
* 30 !! type 




What Types of Compounds Can Be 
Treated Biologically? 

Petroleum Hydrocarbons 
Gasoline 
Diesel Fuel 

Gasoline Additives such as MTBE 

Polyaromatic Hydrocarbons 

Creosote 

Chlorinated Hydrocarbons 

Chlorinated Aliphatics: trichlorethylene 
Chlorinated Aromatics : PCB's, Pentachlorophenol 

Explosives 

RDX, TNT 

Inorganics via Reduction to a Lower Valence Causing 
Precipitation 

Uranium, Technicium 
Sulfur and Sulfuric Acid 
Ammonia or Nitrate/Nitrite 




What Biological Technologies Are Available? 



In situ Bioremediation (ISB) or Enhanced 
Bioremediation 

Natural Bioremediation 

Biopiles 

Bioreactors 

Bioventing/ Biosparging 
Engineered Treatment Cells 




Table 4 Summary of bioremediation strategies. 



Technology 


Examples 


Benefits 


Limitations 


Factors to consider 


In situ 


In situ bioremediation 
Biosparging 
Bioventing 
Bioaugmentation 


Most cost efficient 
Noninvasive 
Relatively passive 
Natural attenuation 
processes 

Treats soil and water 


Environmental 
constraints 
Extended treatment 
time 

Monitoring difficulties 


Biodegradative abilities of 
indigenous microorganisms 
Presence of metals and 
other inorganics 
Environmental parameters 
Biodegradability of pollutants 
Chemical solubility 
Geological factors 
Distribution of pollutants 


Ex situ 


l.andfarming 

Composting 

Biopiles 


Cost efficient 
Low cost 

Can be done on site 


Space requirements 
Extended treatment time 
Need to control abiotic 
loss 

Mass transfer problem 
Bioavailability limitation 


See above 


Bioreactors 


Slurry reactors 
Aqueous reactors 


Rapid degradation kinetic 
Optimized environmental 
parameters 

Enhances mass transfer 
Effective use of inoculants 
and surfactants 


Soil requires excavation 
Relatively high cost 
capital 

Relatively high operating 
cost 


See above 
Bioaugmentation 
Toxicity of amendments 
Toxic concentrations of 
contaminants 



Groundwater clean-up 

■ In place or removed used 
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Recovery 
system 



Aquifer- 
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Bioreactor 
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Fertilizers 
and Oo 



Leaking gasoline 




Polluted groundwater 






Clean water, 
oxygen, 
nutrients, 
and 

acclimated 

bacteria 





- Ex situ 
bioremediation 



In situ 

bioremediation 





Examples of Xenobiotic Compounds 




Figure 24.23 




Pathway of Aerobic Herbicide 2,4,5-T Biodegradation 




Figure 24.24b 




Chemistry of Synthetic Polymers 
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Cellulose acetate 
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Polypropylene Polyvinyl chloride 

(PVC) 



R 1 -NH-C0-0-R 2 
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Polyurethane 
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Teflon 
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Silicones 






Bacterial Plastics 




Figure 

24.26a 




